The biochemical properties and fatty acid compositions of 16 strains of Mycobacterium haemophilum from Australian patients were studied. The strains proved to be indistinguishable from each other but could readily be differentiated from other slowly growing mycobacteria with similar cultural features. Mycolic acid analyses revealed the presence of a-, methoxy-, and ketomycolates. The fatty acid composition supports the validity of the fact that M. haemophilum is a distinct species. The fatty acid composition was consistent among the 16 strains, but it was unusual in that there was some resemblance to the fatty acid composition ofM. kprae. The wide range of pHs (5.4 to 7.4) that supported growth ofM. haemophilum on artificial medium is in keeping with suggestions that M. haemophilum exists in an environmental habitat.
Mycobacterium haemophilum was first described in 1978
as a fastidious organism that caused skin lesions in an Israeli patient receiving immunosuppressive therapy for Hodgkin's disease (20) . It is now regarded as a relatively common pathogen of immunosuppressed patients, typically following organ transplantation and in association with human immunodeficiency virus infection (1, 13) . The organism has also been implicated in lymph node infections in apparently healthy children (8, 22) and in a nonimmunosuppressed 65-year-old woman (15) .
M. haemophilum is a nonpigmented mycobacterium which grows slowly at temperatures of about 30°C. Because of its low enzymatic activity, some investigators (26) 
MATERIALS AND METHODS
The 16 strains ofM. haemophilum were grown from either skin lesions or lymph nodes from Australians (Queensland Health, Brisbane, Queensland, Australia) by using Lowenstein-Jensen medium supplemented with FAC. The strains were isolated from nine patients who were immunosuppressed because of renal transplantation, long-term steroid use, or AIDS and six patients who were considered otherwise healthy. Identification was established on the basis of the organisms' (i) requirements for FAC, (ii) preference for 30°C, (iii) unreactivities in conventional biochemical tests, and (iv) agglutination by a type-specific antiserum (9) . Strains POW (ATCC 33207) and RM (ATCC 33208) formed part of a previous study by Dawson and Jennis (9) , in which it was shown that the strains are indistinguishable from the prototype strain (ATCC 29548).
Cultural, biochemical, and physiological properties, including growth at a range of pHs, were determined as described previously (11, 18) . Lipid analyses were performed on freeze-dried bacteria harvested from subcultures in Dubos broth medium supplemented with Dubos oleicalbumin complex (100 ml/liter) and 1.5% FAC that were incubated at 30°C for 3 months.
The mycolic acid compositions were analyzed by onedimensional thin-layer chromatography after heating the freeze-dried material in alkaline methanolic solution and then esterifying the liberated acids with iodomethane (5, 10). M. avium, M. gordonae, M. marinum, M. shimoidei, and M. simiae (one strain each) were used as reference strains.
The fatty acids were studied by gas chromatography (GC) after heating the freeze-dried material in methanolic hydrogen chloride and extracting the fatty acid methyl esters (12) . The extracts were introduced and separated on a narrowbore fused-silica capillary column by using a nonpolar stationary phase. Peak identification was performed by GCmass spectrometry analysis in the electron impact mode (24) .
RESULTS
The 16 strains that were previously identified as M. haemophilum had identical cultural, physiological, and biochemical characteristics. Results for M. haemophilum are given in Table 1 , along with those for other slowly growing nonpigmented mycobacteria which share several properties with M. haemophilum, e.g., low catalase activity, negative niacin production, negative nitrate reduction, resistance to 1 ,ug of thiophen-2-carboxylic acid hydrazide per ml, and susceptibility to 5% sodium chloride. The optimal pH range for growth of the M. haemophilum strains was 5.4 to 7.4.
Results of thin-layer chromatographic analysis of mycolic acids are shown in Fig. 1 . All strains studied contained a-mycolates, methoxymycolates, and ketomycolates. Also, the GC and GC-mass spectrometry analyses gave identical results with all 16 strains of M. haemophilum. Straight-chain fatty acids ranging from 12 to 24 carbon atoms and 10-methyl-substituted acids containing 17 and 19 (tuberculostearic acid) carbon atoms were identified. Notably, all strains contained more docosanoic acid (C22:0) than eicosanoic (C20:0) and tetracosanoic (C24:0) acids (Fig. 2) . The GC-mass spectrometry analyses further revealed the presence of a compound that eluted approximately 0.5 min after the tricosanoic acid methyl ester. This compound produced a mass spectrum containing m/z 101 as the base peak and mlz 394 as the molecular ion peak, indicative of a monounsaturated branched-chain C25 fatty acid methyl ester (Fig. 3) .
DISCUSSION
Results of our study showed that a group of 16 strains which were previously identified as M. haemophilum on the basis of a limited number of properties are indistinguishable by an extended range of tests, including fatty acid composition analysis. Furthermore, the results support the validity of the fact that M. haemophilum is a distinct species. It can be differentiated from other species of nonpigmented slowly growing mycobacteria by at least two of a standard set of properties (Table 1) .
We have shown (10) that the mycolic acid composition of M. haemophilum is similar to those of other slowly growing mycobacteria (e.g., M. tuberculosis, M. gordonae, M. mannum, M. szulgai, and M. ulcerans), in that it possesses et-, methoxy-, and ketomycolates. These findings confirm the results of Damato and Collins (6) , who found the same mycolic acid patterns for M. haemophilum and M. szulgai. The cellular fatty acids of M. haemophilum have also been studied by others; however, in one report (21) tuberculostearic acid was not detected, and in another report (6) , the fatty acids were not identified. The abundant relative amount of C22:0 fatty acid which we found in M. haemophilum has previously been reported as a feature typical of M. leprae (14) . It is noteworthy that M. haemophilum has been shown to possess a specific phenolic glycolipid antigen (3) which closely resembles the corresponding lipid of M. leprae (2) . Other mycobacterial taxa which have unusual growth requirements in vitro include M. lepraemurium (17) , M. paratuberculosis (19) , "wood-pigeon mycobacteria" (19) , now called M. avium subsp. "silvaticum" (23) , and some armadillo-derived mycobacteria (16 
